1. Introduction
===============

Phenylketonuria (referred to as PKU) is one of the few curable inborn errors of metabolism in humans. Up to 2011 in China, a total number of 35.79 million newborns had been tested and of which, 3082 cases have been confirmed for PKU, which indicates the prevalence of PKU in 1/11,614 cases.^\[[@R1]\]^ As a metabolic disorder, PKU is characterized by phenylalanine (Phe) accumulation due to phenylalanine hydroxylase (PAH) deficiency. PAH hydroxylates Phe to tyrosine, for which tetrahydrobiopterin (BH~4~) is required as a co-factor. During infancy and childhood, PKU manifest as a progressive irreversible neurological impairment involving growth failure, intellectual impairment, epilepsy and tremor. In 2008, the first case of late adulthood PKU case was reported with musty odor, mental retardation, and spastic paraplegia.^\[[@R2]\]^ During adulthood, untreated PKU may become apparent. According to the earlier published case reports, few patients developed late spastic paraparesis or tetraparesis, tremor, epilepsy, and ataxia as presenting features with or without the decline in cognitive abilities.^\[[@R1],[@R3]\]^ In addition, hyperhomocysteinemia (HHcy) is an independent risk factor for atherosclerotic vascular disease, especially reported in Chinese Han population.^\[[@R4]\]^ Besides, it is demonstrated that HHcy may be involved in pathophysiology of a large number of neuropsychiatric disorders.^\[[@R5]\]^ Polymorphisms of genes encoding homocysteine metabolism-related enzymes, such as methylenetetrahydrofolate reductase (MTHFR), cystathionine β-synthase (CBS) and methionine synthase (MS), are the important determinants of Hcy concentrations.^\[[@R6]\]^ In this report, an adult patient diagnosed with PKU in combination with homocysteinmia is reported, who presented heterozygous mutations in gene encoding PAH p.G247R (c.739G\>C) and p.Y204C (c.611A\>G), as well as homozygous mutation in gene encoding MTHFR c.677C\>T. It is suspected that these 2 kinds of metabolic dysfunctions might have lead to a subacute onset leukodystrophy and visual-spatial disorders synergistically.

2. Case report
==============

This study was not approved by the ethics committee because this is a clinical case report which does not involve clinical studies, drug trials, etc., and the patient was treated according to the related disease guidelines. The patient provided the written informed consent.

A 21-year-old Chinese Han male, was referred with 5-month history of visual-spatial disorders and 2-year history of personality changes. His childhood history was normal without family history. Because of addiction to Internet games, he got a period of irregular diet and disrupted daily life at age 19, that is, in his first year of college study. And then, he experienced delay in processing speed, declining mobility, autism, generalized apathy, and sometimes compulsion. In the beginning of 2014, visual orientation disorders began to appear, which reflected clearly in his utilization of chopsticks for dishes being inaccurate, and filling of wrong serial number in machine reading card. Physical examination showed dark brown hair and the ophthalmic examination indicated that bilateral vision dropped to 0.3 with normal fundus. Motor and sensory examination as well as cranial nerves examination were normal. But the cranial MRI revealed brain leucodystrophy with symmetric abnormalities in bilateral deep cerebral white matter (Fig. [1](#F1){ref-type="fig"}), caused us to suspect X-linked adrenoleukodystrophy and heredity leukodystrophy. The blood test results revealed that homocysteine level was 128 μmol/L (0--20 μmol/L). Moreover, Serum AQP-4 antibody, GM1 antibody, very-long-chain fatty acid and ABCD1 gene test in plasma were reported negative, caused us to clear heredity leukodystrophy.

![Cranial MR images finding. Axial FLAIR T2-weighted sequences obtained in April 2014 showing hyperintensities involving periventricular and subcortical white matter (A--D) which suggest leukodystrophy.](medi-97-e9801-g001){#F1}

In May 2014, the patient was admitted for persistent visual-spatial disorders. Due to visual oriental disorders, the problem of keeping in lines while writing still existed. Physical examinations displayed bilateral normal muscle strength with brisk tendon reflexes in 4 limbs. In addition, palm-jaw reflex and finger-nose test were positive, whereas other neurology examinations were negative. Besides, ophthalmic evaluation was normal and bilateral visual acuity increased to 0.8. No positive signs were observed in electromyogram (EMG) tests, while electroencephalogram (EEG) presented mild abnormality. Visually evoked responses had reduced latencies of P100 with poor differentiation. There was a prolonged latency of left I wave in evoked brain term auditory. Wechsle adult intelligence scales (WAIS) showed that VIQ was 86, PIQ was 84, and FIQ was 84, which were under normal levels. Furthermore, the following blood tests were negative: complete blood count, creatinine, vitamin B12, electrolyte, antinuclear, serum immunoelectrophoresis, thyroid function test, erythrocyte sedimentation rate, blood coagulation function test, lactate, pyruvate, arylsulfatase A, hexosaminidase A and B, β-[D]{.smallcaps}-galactosidase, β-[D]{.smallcaps}-mannosidase, galactosycleramidase, phytanic acid, serum sexual hormone and urinary-17 hydroxy steroid. The intracranial pressure was 160 mm H~2~O and CSF immunoglobulin A was 0.64 g/L with normal protein, no cells and no oligoclonal bands were observed. Repeated serum homocysteine level was 75.5 μmol/L (normal 0--20 μmol/L) and serum folate level was 1.31 ng/mL (normal\> 3.8 ng/mL). Besides, urine routine showed positive for ketone body. The genetic results revealed homozygous mutation in gene encoding methylene tetrahydrofolate reductase (MTHFR) c.677C\> T in the patient and MTHFR was a key enzyme in homocysteine metabolism. Plasma and urine amino acids chromatography presented increased phenylalanine levels in serum (694umol/L, normal\<120umol/L) and Phe/Tyr was found increased. Meanwhile, phenylalanine metabolism disorders were reflected in the urine result (Fig. [2](#F2){ref-type="fig"}). The patient was detected with heterozygous mutations for p.G247R (c.739G\>C) and p.Y204C (c.611A\>G), respectively, located in exon6 and exon7 of PAH gene, which probably caused an inactive protein function. Based on the above findings, the patient was diagnosed with PKU overlapping homocysteine and folate deficiency.

![Urine organic acid spectrum showed phenylacetic, phenyllactic, phenylpyruvic, 4-hydroxyphenyllactic, 4-hydroxyphenylpyruvic, 3-methylglutaconic, 3-hydroxyglutaric acid concentration increased which suggesting that phenylalanine metabolism disorders, liver damage, and nutrition disorders.](medi-97-e9801-g002){#F2}

2.1. Treatment
--------------

The patient was treated with intramuscular cobalamine injections (500 μg/day), oral vitamin B6 (30 mg/day), oral folate (5 mg/day) and encouraged to follow a protein-restricted diet. After 3 weeks, moderate improvement was shown in his visual-spatial disorders and personality. He was discharged on oral cobalamine 500 μg/day, vitamin B6 30 mg/day, folate 5 mg/day, and a protein-restricted diet.

2.2. Outcome and follow-up
--------------------------

Three months after the routine treatment, a subsequent head MR showed the same resolution with the original lesion. Serum homocysteine and folate analysis was repeated and the results were normal with decreased phenylalanine level (545.17 μmol/L). Also, treatment was continued, and the patient went back to college and continued normal study process, and also placed under regular medical follow-up.

3. Discussion
=============

In the present report, a patient with encephalopathy and visual orientation disorders were described, whose symptoms, initial laboratory findings, and imaging results suggested subacute onset leukodystrophy in adulthood PKU with overlapping of MTHFR mutation induced disturbances. Without unusual urine odour, he neither had anemia, or abnormal hair nor skin color. The head MRI indicated symmetric abnormalities in bilateral deep cerebral white matter of occipital, parietal and frontal lobe. On account of atypical presentation, it seemed to be inappropriate to make a diagnosis of heredity leukodystrophy. Besides, further examinations revealed hyperphenylalaninemia with heterozygous mutations for p.G247R (c.739G\>C) and p.Y204C (c.611A\>G) located in exon6 and exon7 of PAH, which can be considered as classic phenylketonuria. Overlapping TT genotype of MTHFR c.677C\> T was diagnosed in combination with homocysteine and folate deficiency.

Characterized by hyperphenylalaninemia resulting from hepatic phenylalanine hydroxylase deficiency, PKU is an inherited autosomal recessive disorder, which converts phenylalanine into tyrosine. More than 800 mutations have been characterized so far and reported in phenylalanine hydroxylase gene locus-specific database.^\[[@R7]\]^

As PKU is curable, early detection and treatment allows patient to have a normal life. In October 1981, newborn screening was started in Shanghai. Now, almost all provinces of China have a newborn screening program of testing dried blood samples, which is conducted by the government. By 2012, Eastern China and economically developed regions have high screening rates reaching up to more than 90%. However, our patient born in 1993 did not undergo the screening program. PKU patients' with severe neurological impairment manifest the following characteristics, such as a direct consequence of neuronal cell loss, synapse reduction, and white matter abnormalities.^\[[@R8]--[@R10]\]^ Studies performed in patients and animal model suggest that the underlying mechanism of pathophysiology has been identified to be related to metabolites accumulation and exert neurotoxic effects on Phe level particularly, which results in DNA damage in patient blood and animal brain subjected to an animal model of PKU^\[[@R11],[@R12]\]^ and cell apoptosis in cultured neurons.^\[[@R13]\]^ In addition, neuroimaging studies demonstrated high-signal intensity in the periventricular white matter in majority of PKU patients.^\[[@R14]\]^ Brain magnetic resonance imaging indicates clearly that white matter changes might have a certain relationship with these neuropsychological difficulties. Early onset PKU is associated with a range of neuropsychological impairments, including dopamine and white matter pathology.^\[[@R14]\]^ Late onset PKU patients could be improved by diet treatment.^\[[@R15]\]^

The 5, 10-methylene tetrahydrofolate reductase (MTHFR) locus is mapped on chromosome 1 at the end of the short arm (1p36.6).^\[[@R16]\]^ This enzyme plays a significant role in folate metabolism and this is an integral process for cell metabolism in DNA, RNA, and protein methylation. The mutation in MTHFR gene located at exon 4 results in the conversion of valine to alanine at codon 222, which is a common polymorphism causing the reduced activity of this enzyme, and results in hyperhomocysteinemia and low folate level.^\[[@R17]\]^ As the epidemiology of the polymorphism varying depends on the geography and ethnicity, MTHFR C677T polymorphism has been associated with various diseases, such as vascular, cancers, neurology, diabetes, and psoriasis.^\[[@R18]\]^ The majority of studies concerning MTHFR gene mutation were reported to be related to an elevated level of homocysteine, which is an independent factor for coronary heart disease and stroke. Spinal cord demyelination combined with MTHFR C677T mutation have been reported,^\[[@R19]\]^ which shows induced disturbances in methylation process and result in a lower methylation rate of myelin basic protein. Besides, this kind of protein plays an important role in tightening compactness of myelin sheath through the association with acidic lipid on the cytosolic side of the membrane bilayer.^\[[@R20]\]^

4. Conclusion
=============

In our case, the patient had mild mental disorder, poor executive function, and visual orientation disorders. MRI abnormalities consist of T2-weighted and FLAIR images hyperintensities located in the occipital, parietal, frontal and extending regions. He was detected with heterozygous mutations in p.G247R (c.739G\>C) and p.Y204C (c.611A\>G) of PAH, and homozygous mutation in c.677C\> T of MTHFR, which led to neuropsychological abnormalities synergistically. Successful treatment with low-phenylalanine diet, vitamin B and folate, leads to symptoms improvement along with decline in Hcy level. As far as we know, it is the first report of a patient with metabolic disorders revealing hyperphenylalaninemia in combination with homocysteinmia of PAH and MHTFR mutations that occurred in adulthood. It is speculated that a short period of irregular diet and life style appears to likely indicate complicated neurological symptoms. This case suggests that neurological involvement of progressive nervous system dysfunction can be caused by more than one kind of inherited metabolic disorder, and each can induce or deteriorate the manifestations of another metabolic disorder.
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